Abstract-We consider a control problem of a chain of integrators where there is a finite constant delay in the input and uncertain AC and DC sensor noise in the feedback channel. If a finite constant delay and uncertain sensor noise are included in a controller via the feedback channel, the signal is distorted and the entire system cannot work normally. Therefore, some appropriate action for a finite constant delay and uncertain AC and DC sensor noise effect is essential in the controller design. Our control scheme is equipped with a gain-scaling factor, an amplifier, and a compensator to keep the system states bounded and reduce the ultimate bound of the output arbitrarily small. Our result shows that the proposed method has a distinct advantage over the existing results.
I. INTRODUCTION
Typically, the control system operates through the measured sensor data. There can be a case that noise enters into the feedback channel in an additive form so that the control signal is distorted and control performance is degraded. Also, there can be a delay in control input due to various reasons in practice. These input delay and sensor noise problems can occur and there have been many related results by far.
The measurement feedback control problems have been studied in [1] - [7] . In [1] , a sensor noise canceling approach is proposed when the noise is assumed to be generated by a known exogeneous system. In [4] , the authors propose a switching controller under only AC sensor noise. In [5] , the authors deal with both AC and DC noise, but they require the known initial condition and there is no delay in the input. In [7] , they deal with input delay and noise together, but the noise is limited to AC noise only.
In this letter, we newly consider a control problem for a chain of integrators under input delay and AC/DC sensor noise. Unlike [5] , the initial condition information is not known in advance. In order to solve our problem, motivated by [8] , [9] , we add a signal amplification scheme to our considered system. Then, a newly designed controller with compensator and gain-scaling factor is introduced. Via system analysis, we show that our proposed controller derives the system output into arbitrarily small bound. An example is given to verify the advantage of our controller over the one in [7] .
II. AMPLIFICATION SCHEME AND SENSOR
We consider a chain of integrators with delayed input
If sensor noise is included in a controller via the feedback channel, the signal is distorted and the entire system cannot work normally. Therefore, controller is applied such as
is the state with measurement noise,
is the sensor noise. The following condition is assumed on the sensor noise.
Assumption 1: There exist uncertain constants i d , i
where , 0
initial condition, and uncertain AC/DC sensor noise are combined altogether.
We set a reduction-type transformation [7] .
Then, from (1) and (3), the transformed system is
Due to DC noise with unknown initial condition, the control methods of [5] , [7] may not achieve our control goal. To solve the problem, we modify our considered system with amplifiers as illustrated in Fig. 1 . We add amplifiers and then we attach feedback sensors to measure the feedback signals such that sensors measure the amplified signals as similarly done in [8] , [9] . , ,
is a Hurwitz polynomial. Then, all states of the closed-loop system (1) with (5) (4) and (5), the closed-loop system is 
We let ,
and set a virtual state as
We can also express u as ),
Then, from (6)-(8), the closed-loop system is reorganized as 
we can obtain a Lyapunov equation of
The first two terms of (10) lead to the following 
To investigate the positive definiteness of the matrix ,  we see that [10] , we apply the Razumikhin theorem [11] with ,
Here, we let ), [11] . With this, we first have
From (10) and (13) 
Combining (14) and (15), we have
all states of the closed-loop system remain bounded. Now, we investigate the ultimate bound of i  i.e.,
 
). 
IV. ILLUSTRATIVE EXAMPLE
We consider a second-order case. As shown in Fig. 2 , while the controller [7] is unable to compensate to the measurement noise(in particular, DC noise), our proposed controller is effectively reduce the noise of AC and DC because of an amplifier and a newly designed compensator.
V. CONCLUSIONS
In this letter, we have proposed a controller for a chain of integrators where there exist known input delay and AC/DC sensor noise. Our controller equipped with a gain-scaling factor, an amplifier and a compensator to reduce the ultimate bound of the system output. We show the improved results over the existing results under AC and DC noise of sensor [7] . The benefit of our result is shown via comparison through simulation.
